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Ca^XJCm^Y HEA^MiJS A OUFTORBANEW-] OIL SHftlS 'JO 
C}<EL=\'CE PEBMERBILITO AND $S IK3FCU»f tXV PIOCCCB OIL 

Ihis inveaxtion rolartaea to rarcOTirin^ oil. fixxa a suLrtarronean 
oil abalo by meaTw of a ccavSuctivo heat drive pmrsKj!?, ^trre 
})articularly, ths inventicD relates to trGarting a nilactwly thick f 
and substantiaLLy cotpietely inpanpeable suhtarrancAn oil Bhaia by 
•J nioans of a. (Tcsndijctive boating pxonseB which ixjth creates a 

penutoablfi zarm within a selected portion of the oi I shale and 
9cib99que)irtly pttxluoea shale oil liydrocarbons. 

A pi?nDeabilily-ai<fed type trf ocanducti.w heat drlw £br 
procKiciJiq oil froBQ a sulbterranean nil f^hale Invented in Swsdsn 

10 r.Ljiuvystrcein. ^Ibat proc»S3, which W£i3 iji\'entad abnrat 40 yearg 

ago* ^3 catniarcially uead an a simXl scale in tho IdStis. It ia 
<3eisci.-aba3 in Ssffedish Patontfi N06* 121,737) X23,l36j 223,137j 
123, 13d; 125,712 ani 126, 674, In Uhtted States Patent &b. 
2/732,195, and in jonmal articles sucb ae: "Undergronnd Sl^le Oil 

ir, Pyrolysls ftcoorditnj bo ttie Lj\ingstxoiin »athod", IVA \foliTO ;!4 

(1953) Ko, 3, pagas 119 to 123, and "Net a^sargy Rocovoriea EViir 'Rib 
In Situ ndLelectric ^ioatlJag of Oil Shale" , Oil Shale S^icposium 
Pxooiodbtgfi 11, psu^a 31L to 330 (1978). In tha SA^dish pmoaea, 
infection wells and fluid panoduclng wells ^^ere oonpleted 

20 within a penreable neiar-aurfaco oil shale ftannatwn SO that tlierc 
v»s lG£S than a threa-cnBtTB separatloci betuv^n the barehsleEU 1^ 
>iaat injection wells vere eriulpped with electx.\cal err othsr haating 
olaTtQiits vAiich ftere suxzounded by a nciss of naterial, su=h as send 
or csnent, arrangsd to transmit heat into tha oil ahale ^ila 

2^ tptreventiug ^n/ ioflt^ng or outflowing of fluid. In tha oil ehale 
for vhich tlift SiiMdish i.xiouaBs was designed testPSd, tt^ 
psrrneabiJity was svtch that, duo to a ocntinoTua Inf \cwing of ground 
witBtf a ccTBitinuouo parpin^-out of water was nadd^ to awoitl 
wasting enargy by evaporatli^g tlmt water. 

30 With reepsst tn .aubetantially ocnpletoly ijtponneiible, 
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i-H-iatively Jeiip and ):i3laLivciy thiaX oil cJiale tleposits, sxich as 
tivnse vn bho Piceanca liaai.n in tiie Ui'jit^iS stratov, tha poflsn^^xlity 
o£- titQiz.ing a ocuiductive heatii^ prooabs inr producliKj oi.l was 
pre?victiaiY «aii5ic^ertM to be — aooardUjjQ to pirior tCActiirxfB and 
beliefs — wywondcally urjfeaadhle. Fbr exoirpiei in the 
ab(7ve-idc«ti£ied 04.X SliAlo SyiipoBluia, the LjujujrJtrwin iirocoaa is 
characujtizcd cih o prorsess which ".^-^auccessluliy raac3v«nnecl ::hdLc 
oil by «nl:e<ilmg tLibular e.ljecLrijCai heating elaitBta within 
bigl^-cfi'iicife shale deposit 6. Tnis nieuhcd relied on ordinary thfiTira.1 
diffusion for shgkle Iv^Hti/ig, vihich, ot ooux«j, reqiiiTe* lai'iju 
teciperauirQ grddienta. 'nxus, heating wry nun-unifarro;_ months 
wre required to fiiliy retarc- sitall j?txxD-siza blocks of flhale. 
Also, /aidi l>iaat energy lAis waatsri in undcrJitiating tlie chaic r&qirm^ 
b«yonrl the perijphary of tiie rertm+Jpg zone ttud ovcnrhfiiaiiijig the 
sJiaiB closest to t>tH hRBt souroe, Tha latter iiaeoblfso Ih eRpeciaUy 
iittxirtant in iJie cate of T^lester]^ slialecp Hinoe themifti enai^ i,a 
cverhuarted zoneR/ cfyinot fully rcccvcrad by difiiisd.cin duo to 
<ay3othQrodjC reactia«^» which take place abovo &0O 'C-'* (pacje 

313). 

Ii) substantially in^Mmeable types of relattvoly thick 
&ii]>terxanean oil shal^ farnHtJ.00S/ the creatii^ and naintaiaiD? of 
a pcmic^TbijG iMxie lJTn?ough iJhlcli ttie p^'rolysis prixiurta can tc flowed 
has been found to be a severe pAijiem, In uft Patent Kb. 3,4$9,376# 
it ie atatErf (in col&. 1 and 2? that '"nifire are two jncchanlfiacB 
involved ill the transport of lieat througl^ the oil ahale. Heat i3 
traoaferrod thixjugh the solid maes of oil shale hy cocudnction, DVje 
hcjat is niaa traivgferrod }jy ounvectini^ tlirou^h the solid irass of 
oil Bhal^e. 'ite trajisier of beat bj» oinductire^ is a relatively alow 
prooe^s. The average thermal ocanductivity and average theiToal 
dif f asivity of oil shale are ajxjut thoea of a fir«2>ric):. The matrix 
of eoljd oil shale has an flxtrroBly low gjenres^iUty nuch lite 
unf;lueed pcaroaiaJ.n. As a jtetfuit, the ccnvccti\'*i transfer of hjoat ic 
lijnittiJ tfj heating ty fluid flotce obcalucd ii) opan channels which 
travcrjie the oi\ shale. 'Jhoae flow channels nay be natural aiid 
A):tif ioially induced f ractuinec. . . * On heatirjg, a layer of 
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pyrolyzwi oil aliale trailclg ddjfcoeiit the cbanrcl. Hda .lay^rr la au 
ii^orgnnic mir»?ral matrix whidi coittAiab vrarjri.i^g clegroGS of cftrton. 
l*he let/or iB aT> evcr-Gxpandirjg l)axricr ti> liEiat flew frca tha 
heating fluiJ in the chanftal." The pacent is directed to a proceiia 
for cHrculatimy hrated oil bhalfl^pyToTytljig fluid through a flow 
Ghanne3 while ftddmg abrasive pcirtidps to tJ'je circulating fluid to 
erode the layer ol pyrtUyrecl oil shale being fonred adj^reat to tlio 
choimol. 

Although the theamal ccoductivit^' and thooreil diffujg.vity of 
irony flubterranean oil shales are, in fact, rolatiwly amilar to 
chose of unglajcod porcelain and fircLrlck, US Patent Nb 3,237,689 
poatulatos that "a rapid aA^anoa of a Jioat front- (Co3.. 3, luia 7) 
can he ohtaijicd by exchanging haat bfst3(«!en bhe oil ahala and. a 
nuciear veactor cooiincj fluid and dascn.bes syctsms for ualng web 
reactOTB either locateiJ on thfs earth's aui-f aca or In tlic? oil ahalj? 
deposit. 

ZIS Patotit No, 3,2M,291 tsuyij (at Col. 1, lines 3-21), "tba 
producfcion of oil fxcm oil shalfi, by baating tha ahale hy various 
tnr^B as ... an ela?krical reaiatanre heatex . . . has been 
Atteitvtad with little fiuccssw, , ♦ . rracturing of tbe shala oil 
pa-.ior to the application of heat thereto by in situ oartaustion or 
other means has baan practliDCd witli little success beuause the 
shale E3ws},l3 uxx3n lioating with coii9ec;nijant partial, or ocvrplete 
oXosuro of the fracturii**. Tha pataK deacribea a pcnceae of 
SBqiientially heating (and thus fis^lliiig) tha oil shale, then 
injeortiug fluid bo h^draulinaiay fracture the tMollttn shale, then 
repeatij'jg tJtoaa atepa umil a hsat-Btobla fractare has be^^ 
propaigatBd into a production wall» 

lis Patonii 3,453/383 deeorifaea the aocizinilatlcD of 
partially depleted oil shale fragmentfi within a flow diamusl such 
as a horivdnt^al f racturo being held open by Hi-a pceaanre of titt 
fluid within the chanincl. The patent dicclosos that if th- channel 
root is lifted to Talnrtaij; a flow path aba/e sudi a layer of 
<?ap]eted shale, the o^'erly tng fottiintiooa must he bent and, without 
pvec:autiDns, will bend to an extcjit cauaing fractures bo ejcbaid up 
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to thn wrfacc of tha «a.Tt]i, TYe patent id clirectocJ to a prooen? of 
inrterndttftniJy roc^uciiiM the pccfl^urc an the fluid wltMn sucb as 
f L-actute to aiiw tha weight: of tiie ovettoardGn to crush and oompact 
the layer of <3gfpleftj©i aftale. 

Tn a si<;nificcmt porti.on <•£ sv^stantiaJJy Irnpenaeable aivi 
colativfily thick oil skmlA <3spcisits, such aa tl-xjse in tha Picsaancc 
Basin, d valuable neaouroca of alimiiium is pr^^eent in the lorm od: 
dawsonite. In OS Patcait 2to. J,359*97S* dlrectei to reawoacijig 
aiuirininn valtiad f ran retorted oil Rfaalefi ^ijch ha^e baan mined cut 

IQ from such cleposits, it la pointed out that* .\n a substantial 

aboonoe of water# at tEsn^seratune^ of about UOO the daw&onite l9 
oaaivorted to cr>'9talliTid fiodiiun aXuiuJYito. Such a >uite]>£raf3 
retorCiJig Cftn Csaaatpo^ dDlcniite in ths shale to pixxluca carbon 
dioxide/ calcltc, and nxignesluin oxide so that iraigDCSium uxids 

J 5 caTbinea with part of tha ailicdn dioodde in tba alialc^ io a manner 
Exmiitting a high^ recovery o£ the aluminium valuA^ hy A l<>pc^>tfifj 
process, us Peitant No< 3,502,^72, directed to utilizing aolution 
mining to rtsocviar daweonite* Indiaatea that Khere tho pyrolyAi? i? 
effected by an agueuu fluid* &ucii a<t ateam or the prodi20td of 

20 undarqirouni contustionp it xmiet be ccnductod at a Uyur teo^raturti 
and tlnis ralativaly alobrly, to avoid oonvGrtiJig tJlC daweanite and 
Qthzv soluble aluirilniun ccopouncls to an ineolubXe material &jch aa 
analcitei^ In US patent 3,572^838, a similar rslati\'ely lew 
tecp&ratura pyrolyBss la altomated vitb infections of an oqusous 

23 alkaline fluid oontaiiting an add-insoliihle chelating agent to aid 
in loaching d3a?eonite witJicxit fonnlng 3\Klh Insoluble material Si 

'The presont in\'entian ^relates to a ptoceaa foe oonductli^ly 
1\&atlng a aobterrraneaix oil ahaiv fiomatlcn in a manner arranged £or 
psDducing oil frcm a subterranean oil ahala fonratico \^Ujch ifi^ 

30 initially, TubstantlaUy lir^nrBable. m Accordamoe vith this 
inR^Gntiuo^ the pcartioffi of oil ahale deposit to be treated is 
selecttii, on tha basla of ths variationg vith depth In tha 
ccnpc^ition an ijcopartiee of its ooniponenta, to }^^^^c ptcpertiea 
cap^bl^s of intficacting i.fi a mnncr which enhance* tJiis unlfatmity of 

35 the heat froaxta to an axtent lijiutij:ig tha time and ei^gy 
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<ixpeaditurfl» protJacing tha oil to values equivalent to leas than 

the value ot tha oil whlcti 19 prodsic«4. ?ho dcXectlon of the 

treatment interval ba(f«d on the gr*d« and thlckne&a of the 

portiau of oil chdle deposit to b« treated And the enhancannsnt it 

provides amountB Co reducing tha anouat oC heat ^uergy lost due to 

exothermic side roaction* and increasing the amount of oil 

recoverad from a ^ivon grade o£ oil shale. 

In accordance \flth this InvenciOA at le^st tvo valla are 

completed Into a aubterranaat* oil shale traatnent interval vhich 

is flubfttantially irapermeabla, eontaina etuhatantially no uobila 

water, is at least about 30 jn thlcJt, is capable of oanfloing fluid 

at peoceaa pressure, at iaac»t subatantlally w.-ithin the traatnent 

interval/ and conta-toA a grade and thlcknoss of oil shale such 

that the averaga grade In gallons of oil plus gaa aguivalent par 

ton by Fiaoher Airsay is at ieaat aboat 10 and tha product of tha 

grade time* the thlckneaa in natra* of th* oil shale is at least 

about goo. 

Thusr the present invention provides in a process in 
vhlch cil Is produced from a subterranean oil shale deposit by 
extending at least ona each of heat-injecting and f iuld-^producing 
Kells into the depoait« astabliabing a heat-conductive fluid- 
Impernaaible Carrier b^tveen the Interior of each heat- in 3 acting 
^?eli and the adjacent deposit, and then heating the Intorlor of 
6ach heat-injacting ^rell at a taaperaturc eufflclant to 
coiiHuctively haat oil shale karogan and causa pyrolyais products 
to form fractures vithin ttie oil shala deposit through which the 
pyrolyais products are displaced into at least ona producrlon 
vall^ an iaprovamant for enhancing tha uniforiultv the heat 
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fronts oiovln9 tlirougii the oil sbaltt deposit * which conprlaesr 

det^rminlag varlationa with dfipth in the cowpofiition and 

properties o£ th« oil aHal^ deposit; 

completing said heat-in jeering end f luld-pioduclog wella 
aelectiv&ly into a treataient interval of oil eJiale in which 
the oil shale deposit (a) Is at least tbout 30 m thick, (b) 
i« substantially imperaaable and free of mobile vater^ 
[c] has a cof&pocltloa a\)d thlclcneas such that the product of 
the average tlscher i^aeay grade tiaea the thiohnestt of the 
treatment interval is at least about 900, and (d) thereby 
contains conponenta capable of interacting in a inauner 
enhancing the uniformity of a ttotit of conductively 
traAsnitted heat^ with said wells being arranged go that^ 
at laaat substantially throughout said treatment interval^ 
the well boreholes are subatantially parallel and are 
separated by substantially equa^ dlstancett of at least 
about 6 n/ and 

within the interior of each heat-injecting well maintaining 
an average temperature which* selectively along said 
treatment interval, is at least about 600^C, but la not 
high enough to thermally damage equipment within tha wellp 
while heat is being transmitted, a\ray from the well at a 
rate not significantly faster than that pemitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location In which a subterranean oil shale may 
Gont^aln portions which are generally suitable for use as a 



tx«atmeat Interval (as described Abovd) bt4t are ape to b4 
P^rmoated by subetantioi ly disconnector Q&tuxal fractures And/or 
planes of weaknesa as v^ell as being locatad near boandarlee of tho 
oil recovery pattern emd/or near a potentially active aqulier, the 
ape ration of tha present process can advantageously be combined 
with a use of *guard wells" located near the periphery of the oil 
recovery pattern and/or betveeu a productioQ well and an aquifer. 
Such guard veils are extended at least substantially throughout 
the vertical extent of the treat^nent Intervals end the adjacent 
forwtatlons are Initially heated by thenaal conduction in a manner 
similar to that employed In the haat** injecting vails, except that 
the guard vfolls are heated at temperatures which are too lov to 
gasify significant prot>ortlon o£ the oil shale organic conponentB 
but are high enough to cause a significant thertual eicpanslon of 
the roch matrix of the oil ahale depoait. 

In some InstanceSr it nay b« desirable to maintain such 

a 



1288043 

6 - 

reJ.ativcly iw tfarperatnre guard tmacting thrc^jgtwut ai: least d 
gub^taiitial portioo of tl>a aMle oil ri*oo^»6ry proceeia. In other 
■inatancso, aftor cm initial relatively low teci^rotura hftating of 
the guaxri wUS/ it iFfty ]y> ad'/antageaw to lT9aL guard m>X1b ut 
5 a)xjut tl« teirperacure Dcloctcd for the >isat-in3ecting Wills r iii 

orcter to ex-pand thp patlcaon of woUa frcro which oiJ i£? displaofcd by 
thexnal conduction. 

AS used herein i^sgarduicj the gcade of tl» portion of oil isIiaJ.e 
to be tjne^ted/ tbe *"aver2i)ge grade in 93110119 per too by Fisctiar 

10 As&ay" re£(±ra to the foIXcwLog? TSta detian&inatioffi in cor 1^ 

eqfuivalcnt to ti dsrtamiitatlcci conducted sub&tantially an d»<9crH^ 
in th» ASni Standard Test Method li 5904-60. Crufihed raw ahala ia 
liarapled kjy riffle-splitting. *rha det-esnromtion of tbo fiomojiit of ciil 
plu& gas eq^ivstlart availabla* fruro ail 5ha3e is made by heating tin 

]S £hal(» from ambient t;e!qneratlU^^ tci 500 in caat aiuailni\ii^ 

alloy r&tortd. Die vapourd distilled frcBi Uio ssonple ara cooled and 
tha oondensad fracticai is oollactad^ Th3 oil and water fractions 
are os^arated, the ^ter volus^ fodOi'^srtBd to ^-eid^ equivalent) ifi 
cim&ured oM BubtractcKl frore tho oil plus wiiatsr vrei^fat^ 'l^e wai9ht 

20 o£ mioondonsablfi gatses evolved 1gas^lus^los&) is tiim calculated 
by difference, the groda, ns used in Uie "gzadfe tines tiiickn&ss in 
metres of oU shale" product, is tha gaUone of oil plus 
liiydrQcarbQffi quB eqaivaljent corrospanding to tJ« total ^qht tsf nil 
pluu hydrcxrarbcn ^pas cvolwd by the he^tdrjgr* 

25 wells are ocnpleted into ttie treatment interval a;nd are 

arraaigcd to pircwide at least one each of haat-li^ifecting and fluid- 
piQiucing y^el\s hsvliiq bOieehDlos which , aobatantially tJhocoaghcut 
tl)c troatfnant internal, are substantially i>arallDl and are 
separated by substantially equal distances of at least about 6 m* 

-JO In e£ich I3at"injec;tin9 well* substantially throu^h^Ait the txeatnent 
inrtcxval, t)io woll-surroundiTi^ faca of the oil shale f o pE ut ioo is 
sealed with a 30lid itBterlal ar^d/or cement which is relatively hsat 
oncndnntiw ajid substantially fluid ixnpenneahle* In each fUiid- 
prtxaucang well, suhutaatially throughcfut tlio treatarent internal, 
fluid ounntonicatian i3 A<3babllshed botuocu^ the wall bar^iole md 
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tiva oil 6hsile fGomatloD onJ t)^ veil, is arxajtgcd for pxtxiucing 
fluid fron the oil shalo forrnatixsn* Ttie ii^teri^ of each, 
heflt-injectirq w31 is boated, at least scbetanitifl'U.Y Uitcighcut 
tJie trcatiiKTit intjcrvaL, at a rate or rates cTa^vihl p of (a) 
5 Incraasing tM teapearcrture wichlii the borcsi'jole interanr to at least 
atiy^t 600 'C aiid (h) maintai.ning a borehole interior t^rperatwre of 
at least aJxyjt 600 *C withcrat cawsing it to becoaa high enntjgh 
thcrsiittily damaga aqulpmsat within tba borehole whll^ tJie rate tt 
Which boat i& generated in the borehola ia &i2bfitis)t9^3!y equal to 

]U that permiLtcd the h^t cpcnvluctlvity of the oil bhala io rn td i t iqn. 

In a preferred cstixdisient, of the preset process « tha. ntiterial 
for doaling the face of the oil &hal» fonnotiaa aLong tha borebolo 
of at least ccm lieat-injecrting well ia a ckasad bnttrra rafrlng 
qmctte/S i>y ccansnt orxarged to fllJL sUbstaAtlaliy all iif the spa:s9 

1 3 bstwEen tsach outeriTout nHtallic elenccrt present vitlxin ttjo intorijor 
of tl^ Itjorehola and the adjacent iaoa of tha nil ghale fornBtion, 
with aaid ccoient having a ttiernBl ood^dostlvity at h*Ast 
dubatantlally as high aa that of the oil sJuiIa £onnaticxi. 
OateoxLnatica^ ar^ modB of variation with dopth iii tha 

20 cxiTpot&iticn and proi^irtiQS of the oil shale deposit and, in a 

ip^ui^cularly prefevxed procedure, baaeJ on tha variation wii:h dcptli 
in the h^t- oonduotivity of the oil shala daposit^ tha heat- 
in:] Ecting wellg are Ideated so that relatively highax ccsKpcraturos 
arsi allied «rt depths adjacent to portlone of the oil ahaXe deposit 

2^, in wlilch tha haat ooTtductivlr.y i? relatively Icir. in addition, or 
alternatively* in varlms aituationa, the effective radius of at 
least oflfie hcart-in jesting well is increased by oraatiraj an expEmcted 
portion of the well boralial^ nnd extaending heot-cooducttiig itetal 
eJecenta Iron within tha heated wll Interior to naar the wall of 

JO tiia expanded ]portian of tho borehole* 

The ponBBBDt process is valuable for use «dthiD o txiaatment 
intfix\ral of oil shale vbic^ oontains other valuable SEdi^caln such a? 
dawaonice and/or nahoolite, in such a situation the pre&eort ^rcoB^ 
creates a pentcable iccoa which is selectively Xocatod, within tJ^ 

35 treatnent intdrval and substantially wititin the Ixnmdarics of tho 



paL'tcni .tcr the oil xuorJacticn* The msuKanl: pcmcahla 
Txraxft j.-ij a ZOQQ^ Crctn whicb such otJ'»er mincrcals can anlntioa- 
mined* 

In general f tlie prEifient invention is appli0ablc^ ta 
5 substantially any subtcrrunaan rdl .Rha1>^ (deposit ose i t a imr.q nn 
interval of »ubBtanHRl1y iii^jexnxaablft oil shaJa wMch is 
suhst^iM-laliy £rco of mobile wal^*# la fforc than obrait 30 lu Uxi.c^, 
and hag aw acteqafltc overa^ grade u\ gallons per tun (PiKiher 
Assays to give a grado-thitikrieBs product ot about 900 or cfreater. 
10 Ths woragc grade of the hwtcd iutEXvai shxjuld be greater tiiaa 

about 10 galloeof pur ton (Ptsdier i\fi6ay>. vrithln thara l£nTii;atJLcinSi 
a hiQ^isr grade- thicknofis pccoduct i.3 increaalngly deaircibla if otimr 
oonditicju? sxych, a? c^th xcualn t^ia sane. 

tl^ invention vill itcw bo OXplainacI in greater detail wltH 
(3 i?eferencte to the aoounpanying drawings « in wliich: 

Pigime 1 shows a plot of relative rate of return (RFO for 1982 
US dollore invested ii) installing and ope3;ating the parooD&s of tb^ 
proseitt invention, a? a funotioa of oil shale grade-tMckac^s 
EGCTIl jicoduct, tn prodaoe ahalo oil art its 1982 value, 
zo Figuxe 2 illustratE^ a plot ot tbsmal profllos at an 

db&srvatian well regarding teiriperatuzea cmaauzed at different 
depths (D) and tisssL within that woll. 

?lgure a is a plot nf the radial thsmal profiles at the 
fidxJdle of a heated «ane aftor different tinea of heating, 
23 Figure 4 ia a plot of themsl conductivitlee paa;allel and 

pLTpendicular to th9 bidding planes of au oil shale as a function 
of teopcrature. 

Figure 5 is a graph of Fificher Aaaay yield with d&ptb [D) In 
anif aboi>o a hearted pcactlon of subterrendan oil shale. 
30 Figures 6 JkhJ 7 are plate of horl^soiital and verti^l 

tHnp^raturc profiles within a heated portion ot mbteexrarjcaan oil 
£j^^altt fcxrniitlcn. 

Figura 8 ie a sdieenatic illUGtraticn o£ a portioo of a w3 1 
cotipletioji arrangeirpnt scri. table fx>r practifiiftg the preaeitt 
35 iiwenticflfu 
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v«Z\ pautonj ustai .tar the oil ptoiucticn* Tha rewltant pcruioahla 
zone la a idDA frctn whicb <mcti otJ^er minerals can ba anlntionr- 
jmrted« 

In geosral, the preaant invemtiOTi la applioablii to 
substantially any subtctranaan oil shale deposit occitaiuing .in 
intcrvfd of BUbatanhiany lirperratoabift cadJ. HhaJ« whAch is 
aubairaiM-Xally frcai of mobile vacat, is irurc tlxm .ibniJt 30 ra Uii.c^, 
ciTjd has au adequate a\;ez:a9a gxzide in gallcns peir tuo (Picxth^ 
Afifiay) to give a grado-thickneBS prcsduct ot about 900 or gi»atHr. 
Ths Avorauge grade of the h^bed Interval should be greater tJian 
about iO gaUooft per ton (Pisdi^ *\fiaay> . vatHin thaaa llrattatJLonfl^ 
a hiqJi-sr grade- thickness ptcxdnct j.3 incrca3ljtgly desii-iibla if other 
caaiditicm» such a? depth xctnain tha 

tlvs invention vrill \vm be oxplaiiiad in greater distail witK 
irefezieroe to the aoooipanying drawings/ in \d\ldi: 

Figure 1 shows a plot of relative rata of return (RPy for 1982 
US dolloEd invested in inst&UlDg and opei;ating the piocx>&& of thd 
prosont inventioD/ a? a fTmctioa of oil shale grade^thickoe3;3 
(G^nnl laxduct, to prodooe ehalo oil at its 1982 valxxa. 

Piguxe 2 illustratas a plot of thsmal prafilaa at an 
db&srvaticn well regardiixg tancperiiturea cnaasured at different 
depthft iO) and tinea ^thin that wHl, 

Pigure 3 is a plxjt at the radial thsnnal profilas at tha 
ndjddle of a heated r.one altor diiferent tiznea o£ heatiiig, 

Figure 4 la a plot of thencal oo(nducti\fitie& p^vallel and 
pcfl:pendi<7ilar to ths t/xldij\g plarjea of an oil ahale as a function 
of tcorpcratuns. 

Piqure ^ is a graph of Piscbsr Assay yield with d&ptl) {D) in 
and aboiyo a hasted portion of sutK^errensan oil shale. 

^'ig^lres 6 and 7 ara plots of hori:5omal and vartioal 
tanp«cAt«re profiles within a heated portion of swbterrarisian oil 
sJ^ala formation. 

Figure 8 ie a sdieniatic illufitraticn o£ a partioo of a 1 
caTpletion arrang-ffFnt suitable for pracrtising tha preaent 
iiwentioffu 
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car aanri, Ljirngstiofini teac^w."? chat tha in flitu heating xa5 
pyxolyxijtg ahooLd ho dbaa in a portion of t]i» is^um^ablo formaticei 
which i5 vertically oontigiraua to q well-inturouTMctiuq fractiu^ 
ur a layer vAiich hsB different geological character and is 
3 petneabLe to flow of the fluid prociut:t.H of the hcatiiig ur 

Ccotrari' to the iJDCpUcatima of s\ich prior tnachirgs a^rt 
beliefs, Applicaata diaxwarad tJsat tho prcaraAly deHcrabaia 
ctr^ductive haating p^cooess is e^xana^caUy feasible £cr utse in a 

to aiibstantiallv lirpeisnBable subterranean ail sha3«%« This io not 

obvioua, particularly in view of the fact that tha preJKsnL process 
uses a cajch lar99r well spacing than that \x&2d in the Swedi^ 
pircass and the pxeacgvt pcoccfif is ccndmrted hy heating tha 
injfictfcai \rells to tanpacatures of at least about 600 *C <althai^h 

J 5 600 *C ivaa baan Kiid to by conducive to ai\ ecocoidjoaJJy untenadsle, 
h/wtt-swistiog, erabthezmic reaction?^ see tho Oil Shalif Synpoaatua 
?£rjceedlngs mentioned above) . 

By means of laboratory and field te6t tneasoreanDRts and 
isathemati^al ncxlela of the presenb pioo^, ixpplicsonts have found 

20 tliat whsn tba a arB spooed, oo^leteA, and operated aa 
pinseeutly <fesccihed, the only re^lor] in vihxch haat energy id 
utilized in an endot^ffimdc r^ictaon ai»x3nt& to le^ than about 
of tha area to he heatod« and tha enei^gy lost in that faahiorj is 
insicfi^if ioaatt^ Afa^licants liavo iTieasured the rate at vitiidi 

25 aiibatajitiaUy iitponiBablB oil jjlVLle fortfiatiantt are heated ]yy 

conductivity, and have d&tfijctidrad tha amount of hoat x^guirad for 
pyxoli'flng kerogen and thermally ixpassurieing the pyrolysls 
products to preeeures capable of fracturing a relatively deep oil 
BhaiLe fartnatloa and thermally displacing pyrolyBis prodncta throvtgh 

.30 tha ao-created penneaiiilitis 

the data obtained iiy such cng^aaoxeca^ita in the field and in the 
laboratccry )Mja/^ fasen es^lcyed in oaXculatiana nf power requiro- 
menta, oocjnanljcs, tijon to etart procSuction, project (3uraticn> 
acnoufit of jiroductioa, eta», in nathenatioal siimiations that 

ys oocxelate wi('h the field and l^sratory data and indicate the 
inaQniti*3ee of 3urt\ factora io i^efipeot to a full scale 
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T}x)!?e cvilcu.latiaii£i iiidirat** tbflt tho pn^TCntly cfefinefl proceaB 
tha only ahaia oil j^rcxtucticsn j^rcccras of whf.cti iiwlicantfs aro cusara 
w>iich is oapabla of ccctiaricaUy tiljtaining oil frcm a irelativdy 
Iw grade oil Kha^e fonnatirjn, soch as ain in whicli tha Piscto: 
Assoy 13 cn\ly 15 galiav. or Iseo per ton. Ihie capaibility can 
Incrcaeti tha petroleum iie?ervr?a o£ a aigm f: icsnnt proper ttcei of tha 
oil sMlc landu by a li^ictijr of six. In a^WiCicn, with respect to 
proae!>5«j ioc urctergxomid mining ana atxiified In tiitu retnjrtlag ol 
oil fihaJe, thD pi-naent pix)ceaa frignificKintly .iJVTrcdCCi the anosjnt 
of flwaUobl« reacr-ifcefl liy elimiiiating the niaiicl for suppooct piliarn 
ana iutarburdeat betvusen ndning zoffias and by providing a xneans for 
treafcing si;ibsbantially all of a very tkiick jjitjrn/ed of oil r,halc. 

'H'^ prefscnt prcxses? can odvant^igocfUaly be flppliedl to on oil 
Bhal^ farraafcUm in which therB ifi significant oonr^ntration o£ a 
tnineral s>jch aa <3a»oanita or nalioolite. In such a roaination tte 
procHfw protfidfiB a permcabla acx^e fron whiidK suc^i a itiitieral can be 
rcoovered. in addition, the lamHijiat ponoctass is particularly 
actrantagscns }j\ converti;^ daw9anite to wator-aoluble ootrpoujtda of 
aliaroniuiu (pa*)cibly rha-aliiniji&) whirfi have bfiiai {bath chffniaaUy 
and pbyeically) iroije available for solution-mining to produoa the 
alUTiinaiim — an eaaaitlai notarial which is in short wpply vitliin 
the United 55tates. In oontTast to many previouidy proposed 
procefSisofi, tba pi.-oc»5S of the present Invent jUwi rogulrefi sub- 
stantial ly no water, involves itdnl^nal lard disruptxan, and can ba 
condLicted with minimal atacDspharic polluttcn. 

Figure 1 ehcwa the relartiw race of return for X982 US dollars 
invosted in instaUiog and operating the present poxxseaa in fijelA 
a^l3r-i».tix3ns that have bocni mathaniatix?al2y nodel.ljed froo data 
d3tainsa3 tr/ field and laboratory ciRawenBnts. 

A D^i^ a£ injOTtion and i>rcd\ictioa wallg jfs drilled into an 
oil F>hale roEa\itian 4B m in thickjtesa with 120 m of overburtten- lha 
dvciage. oil grecte of the Interval -la 20 gall£r.s per ton as detcr- 
mlst^d by Fischer Assay* 

TSte vrell pattam is a SGwea-spot with each hr»at injertcsr at 
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the conttjr of a rogolAr hexagon gutraondlng a ooutral prcchjcdnq 
vxjU. Tha spacing is 22.5 m Ij-twean producers «nc3. .ij^jccftora. The 
pattfi'.cn repearta %nfch ptcduccrs uharirg tha inj«ntnr9 in each 
airocticm cmd aorrtimw to forro a field-wlxte parttem catp^Xe of 
5 prcx?nc±(ig a larTa quantity of oil. The injector-to^^pirjducBr ratio 
apfUcacfi&B 2 to 1 a large tie.ld. Tn fbcasplr^ 1 thd total oil 
prodsictixsrt l3 23,000 Ivtrra I n per cJav' thocoagtoJt tiic lliu of tlia 
project. 

T/ie injection weiiJs eLecbrical ha&ttsa qtb tsTrented into cJie 
JO fomatlon &iid oonrf\7ted to a paver soaroo on tbo dar&cn. I'hB 
production walls arc oquipped.vith Btandard dII field puirptf for 
11 f tint; the prodooed oil to tha isurfaca* TVTa electrioal injection 
rato i& 3.23 X .10 WTO/wU per <3ay. The tsttjeratura of t^e 
injecbOTft attains 7<50 '^C* 'ihe prodoction vfcHs raocb a tezminal 
15 tenperature of 300 *C after 33-34 yearn of operation. Production 
over thlA period averages 5-6 baunreln/day par wail, vith the 
avorago nuirbiir of active producing wcUd telxa? froA about 4000 to 
5000, Eloat consurcptiCffi is 1.1 x 10^ OJU/barrel of liquid oil 
proiucticxi* 

20 GaeecTjfl prodocts oollccted ftm the productioi wells iray be 

u&od for cm"«ite geraocaticn of cloctrlcity or otfiar puzpoaaa. Tha 
oil-^hiisc pebrolcum which ia no prcdnoed is superior to ccn^ 
ventijwtally retoartod aJiaLs oil. Tlftft rtelatirm rata of xetum which 
osn be expected fvcxn tha liyan^le 1 sitUAtion is illuetiatad by the 

?.5 "Ex- 1" situation daaignation m Pignre I. 
ttiCiWLB 2 

A seriaa of injection ard production wells are drilled into an 
oi.1 aliale fontation 225 m in thickneaa with 300 m of cvcncborden* 
Tha a^fleraga grada of tha oil slial© interval is 26 galloaaa pisr toa 

:V3 AS dfiterroxned by Fischer assay. 

Thf% veU pcittem is tl^ sane sovon-spot dascrib^ in acanple 1 
exo^1>t t><ja e^iog is 13. & m hetMeen rails Instead of 22.5 lo. Total 
production is 25,000 berreia/Aiy tiouqhout tha lit^ of the project. 
The injector to producor ratio etill approac^uui 2 to 1 « lr\ tha 

'J3 vTellS; the heaters and production eguipBent arp. ninuJar to thocsa 
deacrihad in }:>:anpla I, 



'I'hft <OctctriOttl injection rate 13 10. S3 x 10^ BTO/wbH paj- dacy> 
TVtt! ifiierti/xi Vtcll taipGratureK rn^\ 7S0 'C and the pxtiluntirm 
wellfi reach a fix\Al tcnpcrature of' Aft,er a proAictlon life 

nf 9-10 yccira. Prodocticm oror tlils pariod avuragas 42-43 
^ barrel «:/<Wy per well, with tha average nuafatfr of isctive pTrjriiCTng 

n 

wells being abcut 600. heat cxamaqptioa^ i£ 5.6 y 10 imVbarrel 

of limd^ oil procatKxxL 

As in £xanplA I, <^asecus products can be used for ocwiitu 

power gcjicrj±iflD or ether purposes axx) tha litjuid prcjiSucc wiJJ )>o 
10 lumber in quality than conventionally retortGd sbala oil. The 

reXatiTO rate of ictunt whidi t:an ba eorp^ced ie iliuytratcd by tha 

"Eic. 2" situation <3e»ignatico on Pleura 1* 

Tabic 1 llfit& aviblnatlons of oil, shale gradan, thic>cne-?9^ 

and (jrade-Chicknocff jsiroducta *wh dUih are generedly auitahle far uws 
I ^ in the preaent; prooe^s* Ibti relatixfe poBition.1 of such grad» 

tbicJouMiA jjTOduntB vith respect to tha relative rate* of financl/il 

xetuxzi are illustc&tad by the Oesignatioafi " Prefer nad Iten9e"(CiEtJ 

and! "Espe^rtally fxcforrod Rsnga" fB,P«{^,] en Figura 1. 



TAEHg 1 

(^ratfe {galloog/tan) "R iijcdcnegs (in) Gbracte x Thictenegg 
30 30 90O 
20 45 900 
10 90 900 



Mora desirable grade t'hlckncfis exaflplaa axe nfiown as follcr.va: 

Grade (cjailoDR/ttan) ^liicJcnO'Sg <a) Grade x Thictenfisjj 

30 ITjO 4500 

?-5 60 1500 

20 ^00 600D 

15 fiOO 9000 

xn 225 22S0 



20 



10 gEarsral, the htghKT the grade thicknefia t^rtxiuct tne more 
Uaisirublfi. Tha pcacticaL aE5>licatian ic LiraltEd only by the tti&ility 
to h^at tha dflBtlrsd interval. 
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Field T^gt; ttoasurepfinb a 

Tcst& ware canductEid in an ciaccrqpping oi <a\ oi). shale 
fcmatlca vfhich is typlc^ oi iaAuita]>ciaIiy ij;ct»in»ahlB. aivi 
relatlvoly thidc oil. shaLc dapoeita* Thirteca boawbolea were 
S drilled to d^sptba hf^tMeen 6 etnd 12 ta and xcktr cvrr2a%9)Gd to poxA^ide a 
pnttem of beat-ini9ctinn, rtbeervatlcn aivi f JUKid-prodUction 'Stella, 
wit)\ the boreholofc being spaoecl alxwt O.G a apart in order to 
prcwidfl a relativelv r^ld aoqixLsition of da±a. Haat wa« .injoctcxl 
at a irate of about 1000 watts ijer netre for five diiya. After tl:w 

]0 heat**injcctlQn wlL tesiperatore hod rsiched 4S0 '^C, a tcnp&xutura 
faJj.-o<:f test was run fior one day. 

Figure 2 shows the vortical thjenal pro£110K in an cfosOTvatioa 
well, AS a functi^ of tixnc, Oia data \fa« fit bed to a inathaniatiicaX 
90l.utlcn d^Gcribirg the tcoparatUTB difltribotlm around a 

]5 finite-length liny yu uia^ insidie* a jnediiina of thsxnal ooofidactivHy 
(parallel to boddiiiy) 3.25 Tncal/cn^3ec-*C aix3i thsrrnal o^ivJuctivlty 
(poQcpandLoular) 3,25 ino!iiyaft-*3«C'*a specif ic lieat Oiiijacity 
utilized in th& csftlcolatians was catprjted f iccn ths thermal 
oondiictivity/ thaxnol diffusivity, and ov^ra^fa tTulk density of 

20 oorea recs^vered during drilling of tlie woilB, Tha thermoplvaical 

pfopartiea foe: the tba oil tJ^la in ^tfhich thQ taettf vnare ocmduct-ed 
are suoinarised in T^la 2 . 



initial HESCr\'Oir TesivaEratnre 
FiecJier Agsay? 
Dulk Density s 
Thaimai Diffueivity: 
Specific [icat Opftrity; 

Pigura 3 ahcw? radial poofilD* cat^ted for the middle of tha 
l^tod 2oatt> for varj.otra beatin? tixtem it) . At ths end of a 
2J . tenperature build-up tf^t of 140.5 hourSf tba average fonration 
tenperatuKC but^een the baateEr and cb>»»r7atiGa %m11 waa 120 



5^.8 '•C 

20 gallon/ton 
2 ♦ZD 9ai/cm^ 

X 10"^ on^/asc 
0.224 oal/gm 



128S043 
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Piguwj 4 ahcvCT a occnparison of iahtiratcn^' vaAuBS ^md field 
datA r^aiati'/Q to t)w thaitial osnductivity xstirollBl tn ard 
pcrp^srylicAilor to tha baddinq plaites of ttoo oil sJuilo fbtrnation, aa 
a function of taiqperaturB. The laboratJw:^' oorjfiuctivity itoafcUiteMta 
5 were nadc oi^ Adj£tcedt snnplt^ti i^f octbs fran the bbs&rvatlcu wc>llr 
i).9jLn9 «ion:e oorc& cut pearallel to and envie cut perpedx^lcular to tlic 
bedding piana.n, A rvi trogosv-^traofesdiece used to eliminatis 
Cffidatictn xeoction^ Tha sanples >8Ke ccnstralrcdt In tho vertical 
direction but tiure free to &ipajvi radially. After the ssnplos ^oere 

10 heated to BOO '^C^ tlia rddi&l eoqpdneicai averagsd \.45%. /is chcwn in 
tha t±gQ}:es, tto laboratory valuod ore in excalXeiTt agreenent with 
titci valuaa om^jted from the field datA. lha teutii iodicate 
the thenml octftduotivity ia lo(«<er Id the direction gcrpftfidicular to 
tha bedding plimo, becMJfis ketogen layerji have a lowr condoctivity 

I «i than tha etolondte ratrix- At teii^poratures hcla# iOO **C, the thanyal 
conductivity iM esiiejitially laotnTpiCr as cbservod la tha fiold 
tests. But/ that oaanductivity bsocmaa incceasingly anisotropic, a* 
the keeogen is recoDved (at tentpertttorea between 300 and 400 *C) and 
gaa begixis to ocx:ai?y the spsoos betMoan tha layara, Abcve 700 

20 both tha parallel aiid ^rpendicular oondiictlvity dsacreEiea aharp3.y 
due to the d^-yryoaitCT of the aolondte ajid ewoltatiaci of OOj. 

V^hen a subtcrr^sme^ oil stals fiain»t£Gn ia haartad the oil 
ahalR expgais aa the bCD^rature incro&eed« Hhsn tho oil ahale 
tdit^rature reachag a kerogen pyrolysiog tenparature (for £S3aacplc, 

25 frcci about 27S-32» *C) additional axpansicn fooccee asre generated* 
The kerogen is oonvertod to fluids cnpahlo of occupying a larg^ 
volume than tha keiogan, ^nd such fluids becone increaslzvgly 
pcceesucized when the teopexaturc is inotc^a&od. As more fluid i& 
fionDCid and mora fluid ia heated « hydiaulically u'vdaced fraotore^ 

30 Eorm viti^in tho oil ish^ fiorsnartiof). 

Fracturea Khich arc liydrttulioally induced within svtoterranaaii 
aai-tb fnmaticnB fbsn along piloses perpe9)cU.cuIar to tlvo loaat of 
the three pxircipal caa^art»niye s Ugaae g (i-e»/ cxie vertical and 
two notually patpendioular horizontal oosopresiuve stresses) v^iich 

M"! CXiat t/ithio a7>y eubterronean earth fomortian. However^ «^are the 



hydraulic fiTDCturefi tend to be vortiLtil, hcarirnntRl fractures can 
ba foniTccl by Ixijfajtiiig hsiatpd GuIkJo co tJiat the ♦aUfl of 
vertical fracturco arc iTEoted unrtiJ U-^/ 3ivcli siiut. Then, by 
Liicrcftsirtg the fluid injectittt pLE»tf^m to greaier than i^wiaAurdwi 
pres^xOr a horivontal fracture cai) foDned, fTuch process:^ Tor 
thOTaally inducing thi» forrotion of harizcntal fracmec by 
injectutg cstcmaliy heated and p(res5»rl26d fluids are rtescrihod in 
patenta ijuc^j as tJte aba^wrawtiorad US Patent Ito, 3,284,781.; 
Patent No. l,d55,.^l by C.S. ^lattha«, P. Vanweara and C.W. v^iek, 
and US Patent No* 3,615,785 by P.J. Clofiwann. 

A|:^liCBnt3 havtt luv disso\'9i?a^ Uiat \)^hai sub£±Antially 
inpexneab^p mibcerracican oil khalea trrmng l:toc prssistitly spBadCied 
ccubination ot grade 9nd tbictaos6 ke.ra cooductively hcati^ a» 
prcscortly sp q iri fied ., a 7ms of ptfrnittflbility vraa iiievelcped bot»een 
wells wirJiiii the all shule. Although tJie proaeot invention ig not 
premise on an/ particular neckanifn, in the cxsurse of such a 
trcatir^ot tha heated oil shalft beh&v^ aa thnogb It was sabjeoted 
to the atoovo-dawscitied tjTpe of proc»»& for thennaUy inducing tJxe 
fonnation of hari^ontal fraotares. Sadx a behatvioor w not 
predictable* slnoo tha prHeent pcrooe&» iz operated withnut any 
injQctioD of any f Laid. It aj^rpoard that when the present process ±& 
cporatt^d within an inpexrorable oil fihalis, the in situ generatim 
and d'i.q>lacecncnt of heated azri hi^lvLy pressurized fluids ocoure at 
the tixiEH and to the extecjta reeded to auccesEfively extend and 
hcariBootally fracture through sucooseive portiana of f:he oil shftle, 
whsn Ihosd porticne hecoirB oondtjotivcly licatod. lha zone being 
htiated appeaxB to undergo a relatively uniftam, horxzontaL/ radial 
<;xpaDaica3 throuugh tho ail stjals, at t^4e rate set by tho thenral 
CTQoductivity of the oil shale. In each successive location in \^ich 
a >erogsD pyxoly2ij^g teftperarturo w? reached, fluids apvsar to be 
formed/ heated and pt>i^9surlzed ao ttiat ist&atajitially aiiy v&rticol 
f racrtureH vihicb are fonrnd wi^ln the baated zone are std^eoejuontly 
cocivcrtcd to txarizcntal fractures* 

i\C:plicaat»' teats indicated Chat sitotantially all of 
fluid pyrolysie pxoihicts of the oil shale tended to reiroirt in ocr 
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r^T tJto lixsrtiona in which t>e^» vcre fomiad untiJ were 
filsplacedr through sohstaotially hor37C'rxt'al fruAjtures, iirto veils 
fldioijung tho Ivsat-innftciitig wells. In ndAttion, the fracture^ 
inJittzijig presswrc oi fluids iw ths JiotiisontaL fractures appear® to 
5 liaws been j^edaoed as thofi^ f Jjiids cxpduu2ad ant! ^flcro oooloJ ^ 
moved avfay frcra tha hcttett pcarticsm of tha ^y^at*^ xane. 

Itroo, th» pcBBRDt prooct^ seetn to ajvJnoe the rovdng of a eonc 
ui kero9eEr^yrQlyzix>g tenperatures thrciigh tlia oil shalis 
ijtiiBdiartely betiifld a zona of J.jocali2ed fxnctaring in which the 

10 fra^tiitfefl are, or soon beccmt, htarirontal fracturea, 5be hcatiiig 
ajid fractauriBg wmea 3eem to undar^ a substantially nnifacro, 
hariacntali radial ^flcporaion throu^ tha oil ghale^ uiitU. the rone 
o£ fr^Lcturing readx^ a iocation (sttoli as tht boreliaLa ol ti 
producticn well) frcro wiucb the oil alyilc? gyrolyaiB products aro 

(j withdrouffi. 

In addition r nt y l i ran ts have di&curveried that^ at laast wbsra 
tha owectjurdei^ ptQsaM ia eraall, the zona of pairoabilH^ that is 
croated betwaen adjacent walls retains a sigtiificantly high deg!rea 
of pcntfiability after tl« foxaatipn^ havo ooolad, Thua it app^a^s 

20 that/ ovan if the overlaurdsan pressuxe is high* an afpliccfticw of 
tiJa pveeent procesa ia capable of fanning a «ell-interooraiscting 
zcno ^Xi which tha permeability reirains high or oan be leadlly 
restccrod by an injection of fluid after asne or all of the heat haa 
dissipated^ And, the dGjgrea and lc>3atian of that perroafcility oan 

25 be oontrodled bi' ooartxolllng tha rate of rettwing fluid fxan the 
producijng iMlla. 

Tlha date obtair-ed by inea«iuraircnt3 ii^ field testa of the typo 
dewJbed abor/ft ^^rw incluaive oft the thermal conductivity of the 
oil u^hale fazTreticn^ the amcxmt of oil xecovcrabla by Fiactuo: 

30 ajialyr>lfi at variooa depths within hearted inteacvals of the oil shale 
bafore and aftor hauting, the jiieasureatiaot of the amount of 
pymlysis prodocfta roooMared, and the like. VOuie no ooDrmmicaatico 
GXtbtad between heat Inyctnra and prodooero at taat etart-nip, 
injcctltxui at the ewJ of the test deitcnBtiatodi tJiat pecneabie 

35 channda had fottned, Ihe results of atandaid engiitoetiiig 
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oalciJatioas were L^itaits.vn r?f tJie appHoabUity of a txctr x^, of 
the t.>'p9 cje.9crii>>d adxve to tha reJiults obtained by tha teats, 

PiqpiTS 5 .1*; a <jr«pb of PiBciTftr psif^y yiclOs, t'luu tha targfrt: 
zoaz in thtt field test* as a hmctitm of c!ftpch 0* 'ite hcatisd 
5 interval oxtairfed frcia 4.2 to 6 w. Tinj sDlid curve ahcwa the yields 
bHfo;-!© the hcatiDg ti^atiTRnt and the. clashai carve show?» the y±ch3io 
after TEsforting u&s ocziplatftd, yiolde bafcara and aftjar wnre 
utisentialiy tha aat£ldc tita beatod interval, tlie itC2isuroiiGnt& 
wexe cnstdifr oa curea frnv the centre of the patJtezn bo fere heating 

iu and cn carGS about \A cm away after hoatlja?* T!cm variations vAiid) 
are apparm^t iu tho^ yi&lds are vlthln the nonool linita of 
aocn}r;n:y for the neajiurlng of- i^cfa values* 

Mt^hlD t})fi heated interval tho Fi&chtir fisnsf yie:id rlrpps frooa 
an average of 20 g&llccxa/ton* before the tt^st ta than 2 

JI> gallona/tcjn lieatlxjg. Hie retorting efficiency within the 

ptrocesfi acrta wan better than Ml of Ps^rher Assay- 

Tte pattanx aril extent of tho reocrvery onnfims the fiict that 
little oil v«s lost ovmr the produciJig Juirizua thrcagh vevtical 
fracturee. in addition, tha unifbnoifci' ^ rotorting efficienr^' 

20 through tt» h^ted zcne, Irtdlcartea that thenoal fronts wore 
approxljra-bsly unifcOT over most of tha heated inteival* 

'His unliortnity of the thermal froits Ih even xitana apparent in 
Pigorea 6 and 7. Iliey shew hiirirantal and vertical temperature 
profiles oalciilatEd for a wt of vertical lieabere in □ five-spot 

2.S square pattern, afaa set uaad in tlw oalculaticiJS included fcmr heat 
injentorw and one ootntre prodiioar (not .qi\cw/ but centered botwaan 
the heaters ^ihOMi on the f ignres) . Ea<d) licator uas nasusoid to 
24 in long and heated ab the rate of H14 W/in* 

'i^e profiles in Pigure r> (graph? of tGO^rature variationa 

30 with distaiicee frcra the hcatere) vera calculated along a 'norlzcmtal 
Esijgtuaot I^I^ which axtaide trhrcugh the cidd-poiots of haatera at 
npposite comarff of th£i iiqiure* Plgure 7 is a Mtnl lAr graph of 
protiles alcmg a vecticel aegmeot 1,^1^ cn the axis of gytmetry <3f 
iha pattern. 

Such calcQlaUon^ ijndlcattt that by tha tiine retortii^ 
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toaperatures (27&-33.5 ^C) etft reachad at tha Cflntr* Of the £»tbiim, 
iictc than 87% of itJi vnlme hew boon cunvurbud whila cnly about 14^ 
of tbe cooavorted vohxm was h^ted to more tJian 325 Rjrthennore, 
the calculations i/xHcate that a.f tbe power is tui'^ed off or 
.S redo3ic5 beiSore ths? centra L^aubsa a targv^t t*eirpcrAtuLW siicti as 

ri5 the Jevelling off ot ttjc tfaannal fncnus will still haat the 
centre o£ tha pattern to retorting taoo^turea m3i will also 
rectuos tho tea^xuraturs ri<w at the hoatiird^ Ifaia cnoda of opcocaticn 
can. etcsvjrc that thui 10% of tha haaeed volusno imortoS to 
10 JTO£& than «C# arul tlrrus cad ii^creaai tha thernal effioicsicy of 
die ^xcrocesa. 

In view of tho ctbova teat i:f%5:!uTts and the oolcaiatioM haned 
an thcsae r^soltOr it appeara tbart, oontra to the porlxar t«iching» 
ouid bHlic£a, thd ijiitiaL im^rrcfiability of sn oil siiale deposit can 

13 b3 utlli2ed aa an advantage. The Ii^itial jnparmpahiUty oanfl7)&9 
the fluids and Eractoroa \d.thir the wsll pattam, si/ice oo 
paureal>U.ity exists untU tha mm between the heat-lnjectio^ and 
f liiid-pttaduciii^ wlXs becane petmaatad by a patten) of heat-lixaucod 
horizmtal £rcu:tai;e9# 

20 Xei tha pzessnt pcpca^^/ the rate at ^Idch hksart ia transinittad 

into the oil shale dacx?ifiit is atrco^y affected th& totiporarturo 
gradUnt hetv^een a h&at-iJijectiXDg wiell and the ewnrroandiitg earth 
±0£itutioa. In a paref erred procedaza, tha datetninatiGnB ot 
variaeaoQS (^ith dai>th iii tha csanjxaaitwan and propert£i*s of tJria oil 

25 flhala deposit ai)clvde a dotominatioa of the pattern of heat 

conductivity with depth within ttie earth faoniatiaM adiacent to the 
heat-in j at: blrt9 wall. Sased on such datettninatiocis tha tencaerature^s 
to vflilch at iG&at era haat^injecting wcU is heat«d aztt arranged to 
ba relatively hi^ at the depths at whi^ tha heat ocodoctivities 

3r> of tha adiaeecxt earth foxnations arc rolativaly low* Thia tends to 
oaut&d the rate at which heat i« tra&siaittcd through the earth 
formations to be sdastaotially onifbacn aXocig the axis of tha 
heat-in^eccing viell. Roa) prooa&izea can be utilized in order to 
provide highar teirperatores In i>Jirticns of heat injecting wells 

J5 adjiiofsnt to earth fouratione of rolatiwaly low heat < j ir i i 1 iictivity% 
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For 6xainpL«, In t#dlls vtiich are b^^log heated i>y elQctrical 
tdsisxancesr a<idltlOAaI resistant eien^Atfl can be ponltloned at 
the location At ^hleh extra tieatln? is x«qulred^ preferably Hlth 
precautions being takda td avoid the cr«flttlaa of **run-ave/ hot- 
9Pots" due to iDcreaftlng t6itp«rature further Increasii^g the 
r«el stance and thus further incraaslng the heating , for exam{>le» 
aa described In tlie gommoDLy akclgnail Caniidlaa patent api^li cation 
Serial No. 49B«854 filed laovenber 21, 1935, by P. VaoHeurs and 
C.;. Van RgmoDd. In wells baingp heated by eombustion, norer or 
larger, or more heavily Clred, burner elenents can be positioned 
lo aucb Locationa* 

Suitable date ritiinat ions of comj^altlons and properties 
of the minerals and/or organic components of an oil shale deposit 
and the variations vith depth in s\ich properties can be nada by 
means of Knovn vtll logging, reaervolr sampling, ai3d the ItXa 
analytical procednree* The deterstinationa can utilize pravlously 
meafiured geophysical or geochemlcal data or laboratory or core 
analyses, etc* for axaaple, the variations with depth in the heat 
conductivity of ttie adjacent fornatlona can be deteroiined by 
calcglatlons based on the kinds and amounts of naterlals pre sent ^ 
And; or by thoxoal conductivity logging neaaurenentSr «to. aa 
Patent Bo, 3,507^227 deserlbas a logging tool containing a 
constant ogtput heat soarca and three tesoperatura senaora for 
obtaining a I09 of relative tbemal conductivity vith depth, US 
Patent 3,892,126 describes logglog cased or open borabolea for 
f^mperatura, specific heat and tharaal conductivity, employing a 
constant ootput heat source and three temperature sensors. U3 
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P9ceat Mo. 3,666,90$^ detfctihea a logger tot mafeln9 station 
niea«urei&0ntt otf tfaermai conductivity by heatlncr a famatlon Cor a 
tims U\eD cu^aaurlDg the rate ait which Ui« temperature decaye back 
to the arablect teo^etature. U8 Pfttent Uo. 3/9^1,187 doceribea 
1099iDg tberval coodactlvity of a cased \rmll by uieesuring the 
temperature of the casing wall before and a£ter passlog a heatad 
probe along the veil. 

Am indicated above , even vitb respect to ft five-spot 
pattern in vbich a elcgle fluid-producing uell Is eurrounded by 
foiir beat^lQjecting velisp subBtantlally all ot tbe interx'enihg 
oil 
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Shale C2H\ hi both retorted a/idt iiodu fJennsabla* HicM5rver« the present 
ijTvenLlon i& preferably conpl/iycd iji a buxlu^ oi cixttix^m^ ssaven- 
or tn;.rteca>-5pot pattcrxss — in Gitii&i* oI which pattoiTui 
(particularly in t^ie thii-teejvsfpot pattern) the retort iijg rata ia 
5 significantly increased by having each fj-uid-puxwctog '^^11 
surrcxJDctoci by six or tWGl\'« heat- injecting v^l,l3. 

'itiG veils used in tl^c pro&nit ^>iro^&fi cttn >xd ccxFplHtad by 
mjbstantially any inethnd for cJrn 3 3 a borcbolc into ^oA/or 
oponiag a iii-«-«od.stincr borehr?3e into fluid conimmication with the 

1^ subterranean oil shAli2 ionoation to be u^ed as an oU shale 

tjDBatsrent iiiterval. In cdditioB'* ix> luivijig tbc S£jBai£iad iibsHncw of 
ifignificBJit ozicurrtB nf nnbilB water i tthjcknesd/ Axv3 grftdc- of oil 
jdYilfi, the interval to which hhe pi:e«ient pnxT»!isjs is applied sbawilfi 
be capable of ojnfiniitg fluid at Its&st Kubetantially within tJ^ 

15 treatnent interval, at least in respect to Allwing no significant 
leakage into cwerlyiwj Uxratiofis when the prosfiura of tha fluid 
x^e^achsiB prccesa pTOSwrBf and fractures the foncation within tho 
treatment interval. The borEholea nf weHa cnipleted tor ui» in cl^ 
prcdoiit procQSS should be substatiti&lly paraxial arsd eeparoted by 

20 sabRt3ntia31y equal di.'^nced of at least about 6 lo. DcoceJiole 

sEspzuratiun distaniTati bsbi^^een injectors and prgdacgra of fron about 
9 to 30 m are particularly suitable. Borisholea free of deviaticrta 
fiTJm parallel, which cause vartatioflns of mre thssx about 20 per cent 
of tho w£ll dUtanoGS are particul^irly suitable. 

xn ths heat-i'jnjecfJng wllg uMsd in the preees'ifc proceed i Vhe 
ccsncnt or ot^nsnt-llto n&torial whiob is \iit&d to aeal aloog tfio faua 
of tbfi oil 3h9„le fontation ie preferaJ?ly relatively heat.HxntJnctive 
and substantially fluid-inpexroeable. Particularly preferred cements 
Tica stablu at tacrperaturos of at lea&t about 300 ''C* }ia\'e a 
relatl'«TOly high thsnwil conductivities ♦ iclativtsly low pertneebility, 
little or no £*urthkage# aji adequate eaee of punpability ea^ good 
chcroicaJ regiatanoc/ etc. 'Hia pcjiDeatoility «»d dispoeiticn of the 
soling natericd, shouJ.d pro\'ic39 a Beai capable of preventing ajiy 
5\ig]^ificant ancunt of fluid f lo^ betKnen tlie interior of the 
borehole and tha ^ce of tha oil Bhala fcsmaticm^ so that the 
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ruraaisfesor of heal frcfift ti^jCt Wull to the fomatlcn is Eubfltunt-ially 
entires J y Tr/ ncxvluctiCB^, ^^xzc porticas of the liKat-injecting wail 
boKil^la awf affijctjiveJy increased in diasnotcr near upper and Icfctei: 
cxtrciidtiea of tlm tre a tme nt, ijitarval, fov exawplc/ J^y under- 
S reecoing/ the dlaawtBrs the IncrRBged portjcais are prBfiMrat^ly At 
ieast about 110% Lbe noodnal torehnlB dimstccr* Calclun 
aiixnimte-bonrled concretes aitd/or cemaorts oontnining alitfoina- 
silicxitB jggregates (or fine parLirJ.es) are particularly sxilbablo 
for uss as such fomcrtian frics^fiealing niaterrial^* I^c3irp.lj&9 of 

10 suitaJble c^inents and oancxet&& iimlnrty? thaee deBcribed iti 
l-atenta such as 3^079,252; 3,507,332 and 3,595,642* 

Pigure 8 abc3fc»s( a ponrtiodx of a hcat-injoctijrtg wcill lxjrc:hQle, 
lX)relx5lQ 1, \.falcb ia fiuita)5,l« for use in the present ii^vontion sscA 
13 located within a tioatflent interval o± juabterxsoTean oil shale 

15 deposri.t. T^oreholc 1 contains enlargwi particne, sucJi aa partiona 2 
und 3, which can be fonrocl h^' csQUveutional prooodhucs siKth as 
undorix^aaiin? during ariliirxi/ etci K caeing 4 is shown positioned 
within the bt^rohola and Derosfntad into placa with a fluid- 
iicpenrea]3lo> ]\aat-coQdLictiv« i»arterial/ mxch a6 osDent. 

20 within each ej^Xarged Ixirebole porticn, tho casing 4 is 

equipped with at leaat one haat-Kxanrtoctive irceal elefiBnt* soch as 
collar 6^ oaDntairitng rftdially ejctenaiv'e elaniHnta or pcrtio^ia, such 
as flexible TiBtal r^iearbers 7. such hcatroosnductivo nfitcriaifi form 
rdAtiveiy highly conductivfl pathe finr oonducting hesit froo within 

25 the. interior of a borehole to substantially the wail of an enlarged 
pcTTtion ot Che barehole, EXanples ol siJitabla liciit-ocj^Juctlve netal 
elements includg netal itfall acratchere, turhnlfriMoe Xndaoersp 
oentraU;zer3 and the IjJoe such as a tianmor-Lok rat te obo n der, or 
Boltlok TMrfciobonder, avaiOable fxxxn Baker line division o£ Baker OU 

JO l^ls oq: a 101 Bar S ocntralLcur availahl» £n3ra AETtaXcps Oil Tbol 
aivi MaiDifactiuring Ccnpary/ etc. 

With OT arangwnspt of the t^-pe shown in yigore 9# at' least to 
aonx* ^^st, tJio front of heat tramonittad aiw-y fron a heat- 
iiijectiD;^ well csm b» laada irrana unifbna along a vertical line 

J5 tiworsing a layer of relatively lev he£vt osflrtductivity wittoat tha 
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necessit>' of ttaintatnlivj a tanperDtmre in rjw portion of the 

wdi adjacent to thAt Layer. «hsn a uniioou tfccip«tature ia 
iralntJilnffti '>ntJun ttifr ijiterior of tJ*jc bort^le, the earth fnniHtj.ofi 
face alonrj i»uch on enlarged portion of t^^» borcholo bcocmas heotad 
!> to jfub^taoticOly the sane taa^jBr atiim as the foiToaCAca face aIcesj 
norrcnier porticans of tbc bontthoXtt, Sines tltm fao9 of tho fc»:sia(:io5i 
adjoinii^ tJie borehole is boatod to tha hlgharit ten^serataiv of arcy 
portion in tha fonnsaUcn, lha tcjpcxetttirc. grddi«it extsndijig 
radially oMay frm the enlargod poictlon of tte bOxxHaolfl is ehiftad 

^0 radially away ton tha hotehuJe. 

Tn geiieralr th© heatliig of tl» intarifff of tha haat-iTii«c:t.lJtg 
v/ell can ba acsx«fpli5hed by sutotantinUy any typs of baatirg 
clevloe« sucb as c ar buaticn ttn^/ox eloctrical type of hcatiJQcj 
olcments. or th& lUoe. Ibe beating el£inent stoald extend 

1^ auhfltantiaLly tl^rougltout tb^ UujUiwii. interval (preferably 

t>incxjghout sit If^t abajt ((0 per ccut of tJiat ii^rturvol) . S^bsiM a 
caiDUsrtloa typt ).£iatin9 elocont is UB9d« a gas^^fiittd heater la 
proferrad. alia fbdl aod caddaata a contoatlon h^ter <sucb as 
tnethanfl and oxygrsij arc proierably aitpplied trough separate 

^-0 conduita leaidln9 through a heat exchadaf^par in which th«i 

fluids ars bfi&tei by tha outflowing costastioa products* tho biimar 
)ux3ing and Uluid ooitduits of a coicbuBtian heatsr are preferably 
installed v/itblD a wall conduit ubich Is suceorjnded by on anaular 
apace that ia filled the ceivient tor sealing the face of tha oil 

25 Ghalis. casnarally stdtobla typea of ocRtustion heaters Willed could 
be arranged for use in tlx& pces^^tt prooesa are deocribadt in u$ 
DtttentB such oa 2,070,302^ 2,780,450 and 2^902,270. 

pj\ electrical res^lstanoc hoatcf is particolaciy suitable for 
h^tifiQ tha inte rior of « haat-injecting viall in the present 
process. A pUirfdity of rccistaccft is^tsaaatB ara preferably aand. 
IhB rRsiatancft elanvntfl can be mounted within or cxtomal to an 
internal conduit or rod, or 9li^ly extentod into the bcroholc ^<hGn 
tha ratfiatancva ar« itiktam&l to, or axe frae of a supporting 
Blfmmrxt , such as a cosiduit or rod, thay ara praforably eofeiedded in 
tJ\e ccjccnt ^^^licb OGdis tJte faco of tha oil Bhale alG<^ tha 
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inccitaiflat intftr\'al» GpjwraUy soitablo typce of elECtricaa hsf^atHra 
which cculd bs ocnunTsd ^ in present ^ccc&jc uro 
deucKhcHa in US Patoite iJUCh aw 2,^72,445r 2t^HAf063} 2,670,802| 
2,732,195 avi 3,954,826. 
5 In varj,aus reF»tvoj.r sittatima, portionfl of an <rU HhaiA 

dQ»iiit which Mould, in cpsiiet:^!* hft 5Uitrf>ic- for uiM oac a trBotmeDt 
interval, ei» daijcxibad in cm- paiTint appljcatico, cnay 1» p&xn»utBd 
by namrai £racturss ami/or piaraa of weaXncOT. iiuch relatively 
weak rncks Tuay wvSergo relatively long axtanaionB of vertical 

10 frant\irea ubsn pramarized flxji/dd b&ijitg diaploodJ cniiay fruta «m 

iuiectioa wall iiovn into ttnoa* Tbi? iKcy result in octending fluid 
fHSiKiigQways Jxj^'orwi tJio opcninga into' pcoductino w«ins» aitVor into 
a^ljacent aquifera c3pah.le ot cscksincT ^ InEloir o£ wobir to ito 
extant detrijisntal to tr?\e oil r<XJaiVori' s^roccss. 

JS We- havo xxr*^ diwuuveced that sash prpoature fracture exLensions 

caji ba acvoidod by drillirig and heortirv? "guarri walla^ within siucJi 
relatively veak oil eJialo zonoB m locations sucroonding a pettera 
of Iteat injecting arvl fluid producing ^lls and/or in Xoctttions 
ii^tcrmitteait between a heat injecting or fluid ^oduciitg wll atid 

m ai^ adjacent aquifiar. Such guard wells are usai for ocaiductlvGly 
heatliig Una adjolxslitg fazsnatiotis stiratantially t^trooghout the oil 
nJiale interval bo he treated tt> a bcaperature which ia too leu to 
gasify fiig7iific:aat prcpcxticrei of tite oil shale organic ccnpc^nents 
but is higia enough to Oini&st a ajgnificant thacraal enrpanBaon of this 

2!S rocicB* tKfhsn thoee rocks are Iieated die natural fractures are keijt 
clo&£d fOid the fracturing cauead by the approa<^ing preseuorized 
f lwid3 (displaced away fxocft lTC»at-ir\^ccting wells) teoda to 1m 
li£idtc£l to horigcntal fractizrea ccnoBixtrated along the aides neaxest 
tn thn h9at.->njecting wells, yfboro fluid ptoducift? walla are 

30 ioo&tod subtttantiolly between the baat-\n:iecting velle and the 

guar^ vfoUst tl*je fracturt^ arc £u:e£urentially extendad iixto tfaoee 
well;:, vherr. the high fluid prossuree are qtoiddy reduood by the 
^jtotlutrtrion of tJ^e inflowing fluid. 

The encountering of su^ relatively ^«aak reeerooir rocks is 

35 apt tt> be irdicatad bj' an inflov of w^ter irvto vel Is dHj lad into 
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such Toc]«* B3 gsEttral, tha natural ftractnm^ c;rr«ting a }-^hxtX\'9 
wBciki'^iM ancl/or water inflow can be ttiermally ciocaKt by a 
raiativ-eJy mild haaxlrjg, aj* Lccjg a« tho fWLCtxtrc pcrooity in iv3t 
more than abojt 5 pur oenCu 
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C T/ A I M S 

I . tn a in oil is produced frm a 3^^>terr<inoan oil 

Ahal* deposib ty extendicg ht luoat one each of haat-iujactiitg and 
ilttid-prtxiLJcin^ \fQl]» into the dopoolt, fefit.^Hrtiirg a heart- 
CGgnductiv;« fluidhia^ienieaJoie barrier bscwaon the lJiteri<»r ot oach 
tiwt-inicctirig wall und tha adjooBnt dapoaitr «nd thm haatarjg tlv> 
.int^.ior ot ea<A hcat-lnjoctiag will at a texpexatsra sufficient to 
cxtriductlvely bE»t oi^. shale kerogsn and oftuze pyroly&ls rproducttt to 
fom fractufctt vdthin thu oil. shale <1epo9it through \4)ilch the 
pyrolysift E>]^oduet3 oro difiplacgd into irt laoat cxm production w»ll« 
an isipccveoent for enhenclng* thtt uoifomlty of tha laat fxrxxts 
iDovin? thro'jgh the oil thale dcpooit, \idhicb acapclacai 

datezBuning varistiana ifiUi d«p(^ ija the coTipOffitioa And 
propcxtios of tha oil ^lola depoeit; 
occipl&tlxig haat.-ijnj«cting and fluid- prcrhirrin g w&ll^ 
^leotlvety Into a txofiitinQne iAtsrval o£ oil fihala in which 
the oil shale <3spo9it Ca] l5 at least about 30 m thidcp (b) is 
substAntiallv inpannaabla and free of rooblXe «iaterf (c> Tia3 a 
ocovositiod and tfaickn^bO fidch thixt the pcroducTt of tlie av'eiszigo 
Piflchgr Asxay graiie times the tMctoess of the treatanant 
interval id at least abTPt 90<}, and (d) thereby cmtaine 
OGCP^ientA capable of inrtoracting isx a ssknaar enhancing tha 
UDifocnnty of a front of oonclaottvoly trancaslttcd heat, with 
&ald aellA being arranged ao that* at least substantially 
chrcu^bsut eaid tcMtsient interval # tJ^e v»Ll boxehoLee are 
substantially i>&ralli)l and ant aspgLratai by e^Ajatantially 
equaX dietanoea of at least about & nu, and 
within the intarior of each heat-injecting nsdJTtalniJig an 
av^StG^ tBBparatuEe Khich, aeZactively alon^ Raid traatment 
inCDXval, is at loast about <SOO ^c, hot ia not high ^inou^h to 
thonnally darage ocjalixnmt uitMn the well, whild haat la 
being trransmiu^ awiy fron the vdl at a rate not sl^- 
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ficantly f&stor than tii&t peiadtted the thaxnal aan^ 
ctotivitlj&a of the CAXth ijaxxiKrtiun& odJ^ttHnt to tba bBotKl 
xntflTval «ritMn tha veil. 

2. T3xe porix^ei^ of claim ] in which^ to the extent. re<]^re(i to 
kfiop t]te ratu at ^^dch heat is trsnsidtta^ Ltir a x ^ tti8 Oil dt^lB 
deposit gvtotantlftlly ualium aloag tbu axes of tha heated interval 
of the heac^-inj^ctlnjg vjbU, the tetparaturo at vhicb at 

laawt ono heat-injecting well is heat^ is reL!±i\>ely higher At 
(fapthv adjacRTit to pcoctiona of lbs oil slMilo f^beposit iJi vhidi the 
boat OSoldiACtivitias ora n&iatively Icwar* 

3. The pcccGSS of claim 1 in which tha uf hudtijig tha 
iataroOT of at least om heat-lnlcctlng well is varied to an extent 
cdUdin^ m effective levrelLLng off of i:lie theunal frorct so t^hat thft 
rata <tf ^^d^isancv tfaztrnjli the oil 3hAle of the tbsncrnl €roT\t x •» 
ocnclnQed at subst/oitially thd ezitne rate uhilfi tha zrate of i^\creaab 
of thm tu-g^ftrature wit^iin tlv9 toieholo is si^ificantly roAoocA^ 

4. The process of clain 1 la \4)i£b the b89t-jj)je=taj}9 asTA 
fluid-producing vo^lls ara arrtt:^^ in a fieriea of conti^uouu 
g>atteins in WKich each f luid-producin? veil is sufn> .t n itert by ut 
least four heat-injecfeing vksIIs. 

3. The pcooeea of claim 4 in whi<* ea^ flui*^?o«aKnng well is 
sortouoded hy fecelve lieob-is jcsjtiDg ^selln* 
6« ATie prooeee of olaijo 1 in vjhicb the oil &halc grado ie at 
least about 20 galOona per ton and the gradCf-thicdcneee product i«* 
At leaet about 4&{U)» 

7. itje proocss of claiiu I, coui^ri&iag the &top6 o£ 

in each heat-in jectin? r wbatantialJ.y thccngtoot the 
treactcnuit: interval^ eoaUug the faoo of tha oil ahale foocertica 
vith a CO lid natarinT vtfrirh ie ralativaly heat-coodncbiva aid 
subst&crtially fluid iJcpeisea^lAi 

iu at least one heat-injecting veil jncroaaing the effective 
di^nnetar of the bcasehoLa in at leaat cue portion of tha tzeaODent 
intaxval and aathanrHiv? at least aaa heat-condoctivQ vartal alrfwmt 
££cn within the ixttarlac of tho boraholQ to no^r the faoe of the 
oo-<snlarged portion of the borehole;, and 

in oac*! Xluid^oduciftg well, suh»iantially thonoughout tha 
tmtroent intexvai/ establishing fluid coanunicaticn batMeen ttie 



- 28 - 

well tore arjtS tte oil sbalD fonnatica and airangiiig chs \«U for 
ponRdiicanq f Juid frc» ihe oi.1 shalB foncacion. 

B. The process of caaijD 7 in ^ch tha mteriai sealin? t}ttt faua 
of th&r oil shoia forrantioti aloiv} ths b(Mbol« oi: a tsdit-on jticblixa 
well U d oemvt arrang&id to fUI &u2:tttdQtially all o£ the apace 
bctw;^ the outomo&t aatixilic t^lecmmtft vdtiUx] t>4) latitrior of the 
borehole and tJia Caoj of t>T* oil shatle fonsatiori/ «itix 3a.irf oernemt 
having a thiuTOl caonductlvity at ^eaert Fi\d»tartt.ially oa tii«;b 
that of oil isbhlM f carnation. 

9. 'Phs prcccsa of olAia L ui u^udi at l©Mt ens wen locatad 
ao edga of a pattern o£ heat-.lnjectiDg ana fluld-proc^-na waila is 
axttfTiJai i>ubKtantialiy tiu:ou;^uMt tha tzesxtzaent intarvol And iisurta:} 
at a teirx»r&tur^ hi^h ehjoc^ to cssusa a tbexnal ej^psiniLLng «irtd/or 
conpresoivc strcsali^g of the- adjaoant sarth formatlonc but lew 
enough tx> avoid sigiuticant thsmol niobiliTatlon of or^roc 
ooD punm its of tbtt oil afaaitt. 

LO. 'Che proooss of claim 9 in which at Iwwt cna so hcafcad \rell is 
fiubscquccitly boated at aJsout tSna tcsi^Mtrature selectedt £6r i±e 
heatang of the lieat-injecting wella being enployed- 
11* The pcooeaa of cJaire 1 in Whitii tbe wwU horehoiaft of* aaid 
h£^t-irij&±ioei tod £l'Qidt producing waila are sepcoratedt by 
substantially ogual diatimoes of about 9 to 50 
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inti&rvAl of oil B^ials, ^lifixe titc intarval is xnitially 
substantially in^senieablA and co?Ttaij)9 a tyeclcied gcade and. 
thickness of oa.l shaJa, Said intefrv'al ia condqcttvely heated froo 
barehulf! di^riora ^Icb aro kopt battar tiaac aboat (SCO ''C and are 
bcatod at a rate swA\ that kerogen pyrolysla projects foormed wi.tfciin 
the oil ehaJA create ^d flcbr throjgh horienntal fraeturea ^ich 
aubd^tently beoooa coct^ndad into fluid'-prodLK^Ag uolls that aro 
petitioned in spadf^ied locatxoRs* 
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